MR Sept. 1944

e

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

 WARTIME REPORT

ORIGINALLY ISSUED

September 194k as
Memorandum Report

COMPRESSION TESTS OF SIX CURVED PAPER-BASE PLASTIC
PANEIS WITH OUTWARD-ACTING NORMAL PRESSURR
By Evan H, Schuette, Norman Rafel,
and Charles V. Dobrowskl

Langley Memoridl Aeronautical Laboratory
Langley Fleld, Va.

 NACA

WASHINGTON

NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

L — 280




r 3 1176 01364 2437

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

~1 . -

MEMORANDUM REPORT
for the
Bureau of Aeronautios, Navy Department
COMPRESSION TESTS OF SIX CURVED PAPER-BASE PLASTIC
PANELS WITH OUTWARD-ACTING NORMAL.PRESSURE

By Evan H. Schuette, Normen Rafel,
- and Charles V. Dobrowskl

SUMMARY

Results are presented of compression tests of
slx paper-base plastic panels wlth outward-actling normal
pressure. The tests were conducted at the request of
the Bureau of Aeronautlics, Navy Department.

All panela falled by separation of the skin, elther
from the r1b or from the stlffeners. The average stresses
at which the separatlons occurred were much lower than
the ultimate compressive stresses for any of the materlals
comprlsing the panels. The addltion of clip angles to
attach the stiffeners to the rib served to delay separation
of the skin from the rib, and thus enabled the panels to
carry a higher uliimate load.

The présence of internal pressure caused severe
quilting of the skin between rlbs and stiffeners.

INTRODUCTION

Plastics and plastic-bonded materials have been
extenslvely used in alrcraft for low-stress secondary
structural parts, where thelr adaptablllty to complicated
shapes 1s advantageous. Recently there has been a trend
toward making use of these materials in more highly -
stressed primary structural parts. .Before they can be
80 used, however, sultable tests are needed to provlide
design data.



At the request of the Bureau of Aeronautics,
Navy Department, compression teats were made of slx curved
paper~base plastic panels subJected to an outward-acting
presgure; the test panels were furnlished by the McDonnell
Alrcraft Corporatlon, 8t. ILouls, Mo. The results
of the tests are presented hereln.

o Xa s M o

IST PANELS

Figure 1 1llustrates the construction of the panels,
and table 1 glves dimensions and other pertinent detalls.

The material used for the sklin, ribs, and stiffener
cap strlps was a paper-base plastic laminate. The spars
and stiffeners were Sitka spruce. Compresslive stresa-
straln curves for the spsar and atiffener materials are
given in figure 2. For panel no. 2, separate coupons
were furnished for the wood stiffener and the plastie
cap strip. For the other penels, composite wood-and-
plastic coupons, cut from the assembled stiffener, were
furnlshed. Because npanel no. 5 did not glve a satisfactory
test, no coupon tests were made for 1t.

The coupon tests wers made simulteneously with the
test of the panel from which the coupons were taken. The
moisture content of the wood coupons varied from 9.2 percent
to 11.8 percent, with an average value of 10.l percent.
The molsture content of the spars in the test panels
varied from 9., percent to 10.8 percent, with &n average
value of 10.3 percent. Bscause of the small varlation 1in
molsture content, no corrections were mads to the test
results to take this factor into account.

METHOD GF TESTING

A penel 1s showa in nlace in the testing machine in
filgure 3. The ends of the penels were ground flat and
parallel to insure unlform dlstribution of load during
the tests. A layer of Permatex was applled between the
ends of the pansls end the loadlng platens of the testing
machlne, so that 1ntarnal alr prassure could bé malntalned.
A number of electrical straln gages wore distributed
over the inner and outer surfaces of each panel but,
because of the nature of the fallures that occurred, the
data obtalned from most of these gages were of little wvalue.



The procedure in.testing waas as followss .

A small initlal axial load was appllied to insure an -
alr-tight seal at the ends of the panel. An internal
alr pressure of 1 psil for %hs specimens with 0.12-inch-
thick skin (panels no, L4 and 6) and 2 psi for the
specimens with O.Zh-inch-thick skin (panels no. 1, 2, and 3)
was then applied. The axial load was then increased in
steps until fallure ococurred. After each load increment
had been applied, a series of dlal-gage readings was
taken on one surface of the panel to determine the amount
of lateral deflection of the surface, and stralght-edge
roll teats were made to detect flat spots or depressions
in the surface.

RESULTS

Results of the tezts are shown in figures L to 6
and 1n table 2, Panel no. 5 falled under tha small
initial load, as the air pressure was belng applled,
and consequently no detalled results are glven for
that pa.nel.

In all the tests, the lntroduction of alr pressure
caused a qullting of the skin betwsen ribs and stiffeners,
as shown in filgure L, and produced depressions at the
stliffeners. The qullting and resultant depressions
increased in saverity as the axlal load was- applied and
increased.

The quilting effect 1s evident from the lateral-
deflection plots of figure 5. These plots also show
clearly the effect of the clip angle between the rib and
stiffener in restralning the lateral movement of the
stiffener where 1t crosses, the rib (compare pansl no. 2
with panels no. 1 and 3).

In every test fallure occurred by separation of  the
skin, elther from the rib or from the stiffeners. These
separations are shown in figure 6, and the loads and
corresponding average stresses at which they occurred.
are listed in table 2. Because the fallure was a
separation rather than a fallure of the materlial, the
average atresses listed ln table 2 are much:lower than
the maximum compresslve stresses for any of the materials-
comprising the panels, For example, panel. no. 3, which




l

carrled the highest average stress, developed about

69 percent of the maximum compressive stress for the
wood spar material and about 26 percent of the maximum
compressive stress for the plastlec.

Separatlion from the rib occurred  in only one specimen
where the clip angles were used to attach the stiffeners
to the rib (panel no. 1), and in this case separation
from the atiffeners &also occurred. Panels no. 2 and 5
did not have clip angles, and both these panels falled
by separation of the skin from the rib, with no accompanying
separation of skln and stiffeners. An examination of
these two panels indlcated that the lallure was the result
of a tearing action, whlch presumably began at the point
where tha rlb 1s interrupted by the stiffener. In the
other panels, the clip angle evlidently served to tle the
two skins together and thus inhiblted this tearing action
and delayed the separation of the skin from the rib,
resulting in a higher ultimate load,

A slight inward buckle occurred in the upper middle
bay of panel no. 6 jJust before the maximum load was
reached. No Iinward buckling was evident 1n any of the
other vanels.

CONCLUSIONS

All panels falled by sevaration of the skln, either
from the rib or from the stiffeners. The average
strosses at which the separations occurred were much
lower than the maximum combressive stresses for any of
the materlals comprising the panels.

The addition of cllp angles to attach the stiffeners
to the rib served to delay separation of the skin from
the rib, and ‘thus snabled the panels to carry a higher
ultimate load.

The »resence of lntarmal nressure caused severe
quilting of the stin betwecen rivs apd stiffomcrs,

Lengloy Memorlal Aeronzutical Ieborotory
imtioncl fLdvicowx: Comrittcc Lo Lcronoubics
Iongley Flela, Septowbver 19, 19/



TABLE ¥

DETAILS OF TEST PARELS

[Symbols are shorn in fig. 1. Dimensions ere given in inches.]

Panel no. Part Part Part ¢ [orT Remarks
A B D
3

1 0.77 x0,92] 0.29x(C,92|1.58x 2,38 x2,39{0.08 38.8]0.80 x1.43 X35 dural olip
sngles used to attach
stiffener to ridb. Sheet
tack riveted to rid on
both gides.

2 0.79 x0.981] 0.26%0.91]|2.01 % 2,38 x2.38{0.08 ';- 38.8|Ho clip engles. Sheet
tack riveted to rib on
cne slde, fully riveted
on other side.

3 0.77 x0.92| 0,27 x0.92|1.99 x2.38 x 2.38 [0.08 58.8(0.80 x 1,43 x5 dural clip
angles used to attach
stiffener to rib. Sheet
fully riveted to rib on
both sides. '

4 0.78 x0.52] 0.23x0.52{1.83x 2,06 x1,99 |0.04 %xg x11—6 38.0|Same as panel no. l.

5 0.76 x0.52| 0.24 x 0.52]1.84 x 2,07 % 2,00 [0.04 %x{-x-l% 38.0|Same e panel no. 2.

8 0.78%0.51} 0.24 x0.51{1.80 x2.05x 1,98 {0.04 %x% x'l% 37.9]Same as panel no. S,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE 2

RESULTS OF PANEL TESTS

Internal{ MeximumjAverage stress
Panel| hressure| load at max. load Remarks
no. (psi) (kips) (ksi)
1 2 160 .83 Separation of skin from
rib and stiffeners
2 2 120 3.61 Separation of skin from
rlb
3 2 170 5.13% Separatlon of skin from
stiffeners
L 1 L5 2.3} Separation of skin from
stiffeners
5 % 5 ———— Separation of skin from
ribdb at initial load of
5 kips while introducilng
Internal alr pressure
6 1 55 2.84 Separation of skin from

atiffeners. Slight
inward buckle in upper
middle bay Just prior
to failure

NATIONAL ADVISCRY
COMMITTEE FOR AERONAUTICS
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Figure 3.~ Panel in testing machine,



Figure 4.- Test panel under load, showing typical quilting of skin
between ribs. Note shadow of straight edge.
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LMAL 39634

Figure 6.~ Sections of test panels after failure, showing separation
of skin from stiffeners and rib. (See table 2.)
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